Diet plays a decisive role in promoting or preventing colon cancer. However, the specific effects of some nutrients remain unclear. The capacity of fruit and vegetables to prevent cancer has been associated with their fiber and antioxidant composition. We investigated whether consumption of a lyophilized red grape pomace containing proanthocyanidin-rich dietary fiber (grape antioxidant dietary fiber, GADF) by female C57BL/6J mice would affect the serum metabolic profile or colon mucosa gene expression using NMR techniques and DNA microarray, respectively. The mice were randomly assigned to 2 groups that for 2 wk consumed a standard rodent diet and were gavaged with 100 mg/kg body weight GADF suspended in water or an equivalent volume of plain tap water (10 mL/kg body weight). The amount of fiber supplemented was calculated to equal the current recommended daily levels of fiber consumption for humans. The inclusion of dietary GADF induced alterations in the expression of tumor suppressor genes and proto-oncogenes as well as the modulation of genes from pathways, including lipid biosynthesis, energy metabolism, cell cycle, and apoptosis. Overexpression of enzymes pertaining to the xenobiotic detoxifying system and endogenous antioxidant cell defenses was also observed. In summary, the genetic and metabolic profiles induced by GADF were consistent with the preventive effects of fiber and polyphenols. On the basis of these observations, we propose that GADF may contribute to reducing the risk of colon cancer.
Introduction
Colorectal cancer is one of the most common causes of death in the Western world (1) . Several environmental factors, including diet, determine the relative risk of developing colorectal cancer. The inclusion of vegetables, an important source of both fiber and polyphenolic compounds, in the diet has been proposed as a possible means of reducing the risk of developing this disease (2) . The anticarcinogenic effect of vegetables is partly exerted by reactive oxygen species scavenging, which decreases cell proliferation, thereby altering the rates of DNA repair and/or decreasing DNA damage (3) .
Fiber is a nondigestible component of food and is acquired mainly consumed as vegetables in the diet. Changes in stool bulk and content, selective stimulation of the growth of healthy microbiota, a reduction in total transit time, and a decrease in intralumen pressure are benefits attributed to the incorporation of fiber in the diet. In addition, the lignin and nonstarch polysaccharides present in fiber are chemically important for 2 reasons. Firstly, lignin is thought to protect cell wall polysaccharides from degradation by colonic microbiota and to confer hydrophobicity on fiber. Secondly, fermentation of nonstarch polysaccharides produces SCFA, mainly acetate, propionate, and butyrate. Recently, increased butyrate has been associated with the modulation of gene expression and metabolic changes that prevent malignant transformation by reducing cell proliferation and inducing cell differentiation and apoptosis (4) .
Currently, a variety of health-promoting products obtained from plant by-products are available on the market and an intense research effort is being devoted to testing the relevance of their fiber and polyphenolic components for the putative beneficial effects ascribed to them. There seems to be an inverse association between intake of both fiber and polyphenols (mainly oligomeric and polymeric proanthocyanidins) and colon cancer (5, 6) . GADF 11 (here in the form of lyophilized red grape pomace) is a particularly interesting product, because it contains a large amount (13% wt:wt) of nonextractable polymeric proanthocyanidins (mainly epicatechin-based polymers). These polymers are part of the dietary fiber fraction together with lignins and polysaccharides and they are cleaved and metabolized by the intestinal microbiota (7) . During its transit along the intestinal tract, GADF, which also contains smaller polyphenols, progressively releases putatively bioactive phenolic compounds that are then absorbed (8) .
The mechanisms by which fiber in general and proanthocyanidins in particular exert their effects are largely unknown (9) and any insight into the action of such preventive agents will help to clarify their role in living organisms. We hypothesized that GADF may induce a protective gene expression profile in the colon.
To examine the mechanism by which GADF may protect against colon cancer by virtue of its content in the antioxidant fiber, we performed a functional analysis of the colonic mucosa of female C57BL/6J mice after they had been fed GADF. In addition, a metabolic analysis of their serum was performed by NMR. The combination of these 2 techniques allows a comprehensive analysis of the extended and simultaneous changes of differentially expressed genes and metabolites, which is crucial to our understanding of the biological importance of the functional effects induced by GADF.
Materials and Methods
GADF. GADF was obtained by lyophilization of red grape pomace (from the cencibel variety of grapes grown in the La Mancha region of Spain and harvested in 2005), as described elsewhere and patented (10, 11) . GADF contains 13% (wt:wt) polymeric nonextractable proanthocyanidins, which together with lignins and indigestible polysaccharides make up a total of 73% (wt:wt) of dietary fiber (7) . The rest of the polyphenols are small or medium-sized extractable species such as phenolic acids, anthocyanidins, catechins, oligomeric proanthocyanidins, and other flavonoids such as quercetin and kaempherol, which account for 7% (wt: wt) of the phenolics in GADF (8, 12, 13) .
Mice and diet. Female C57BL/6J mice (age 8 wk; from Charles River Laboratories) were housed in plastic cages at 228C with a 12:12-h-light/-dark cycle and kept in accordance with European Union regulations. The experimental protocols were approved by the Animal Experimentation Ethics Committee of the Universitat de Barcelona in accordance with current regulations for the handling of animals and their use in experiments. We used 16 mice in the experiment, 8/group (control and GADF). Their body weights were recorded daily.
The mice were randomly assigned to groups that received 1 of 2 diets for 2 wk. All the mice were initially fed a standard pellet diet that consisted of~18% protein, 6% fat, and 3.8% fiber purchased from Harlan Interfauna Iberica S.L. (14) and water ad libitum for 7 d during acclimatization. Then, during the 2-wk treatment period, in addition to the standard diet the groups were orally supplemented with either a small amount of GADF (0.1 g/kg body weight) that mimicked the recommended dietary fiber intake for humans (15) : the GADF group, or the equivalent amount of tap water: the control group. The GADF consisted of a homogenized suspension in water (10 g/L) and both this (10 mL/kg body weight) and the tap water supplement (10 mL/kg body weight) were administered by gastric gavage. The mice were observed daily for signs of toxicity.
Colon mucosa sampling. At the end of the 2-wk treatment period, the mice were feed deprived overnight and anesthetized with volatile isoflurane (Veterinaria ESTEVE). They were killed by an overdose of anesthetic. The large intestine was removed and placed on a plastic plate, which was kept at 48C with ice. After removal of the rectum, the colon was opened longitudinally and mucus and feces were removed. The colonic mucosal layer was incubated in Trizol (GIBCO Life Technologies) for~3 min and scraped off the muscle layer with the edge of a sterile glass slide. The cells were transferred into 800 mL Trizol, homogenized by pipetting, and stored at 2808C until total RNA isolation.
RNA isolation from colon mucosa. Total RNA was isolated by a combination of 2 methods. First, total RNA was isolated using the Trizol method following the manufacturer's protocol. Next, RNA was purified using an RNeasy Minikit and DNase I treatment (Qiagen) following the manufacturer's instructions. The RNA was dissolved in diethylpyrocarbonate-treated RNase-free water and the quantity and its purity were spectrophotometrically measured using a NanoDrop ND 1000 (NanoDrop Technologies), measuring absorbance at 260/280 with a ratio . 1.9. The RNA integrity was tested using a BioAnalyzer 2100 (Agilent Technologies) and it was considered to be intact when the RNA integrity number .8.
RNA amplification, cDNA probe synthesis, and hybridization on cDNA microarrays. A common reference design was used. The reference sample contained a pool from all the control mice. The samples to be hybridized were prepared by pooling equal amounts of RNA from 2 mice, thereby resulting in 4 subpools for the GADF group and 4 subpools for the control group. Thereafter, RNA from each subpool (1 mg/sample) was reverse-transcribed into cDNA with RT. Next, cyanine 3-and cyanine 5-labeled cRNA were synthesized from the common reference and 8 subpool samples, respectively, following the manufacturer's instructions (Agilent Technologies). The samples were hybridized on the Whole Mouse genome microarray 4 3 44K product number G4122F (Agilent Technologies), containing 42,000 coding and noncoding sequences from mouse genes. Two samples were simultaneously hybridized on each array (a common reference and 1 of the 8 subpool samples). Hybridization and washing were performed following the manufacturer's instructions (Agilent Technologies). In total, 8 arrays were used.
Microarray image and data analysis. The microarray slides were read using a Genepix 4000G scanner (Axon Instruments) and the images were analyzed with Imagene 7.0 software (BioDiscovery) to quantify spot signals. Abnormal spots were automatically and manually flagged and were omitted from the data analysis. Data (medians of spots and local backgrounds) obtained from each microarray were stored and exported to GeneSight software version 4.1.5 (Biodiscovery) for transformations and the locally weighted scatterplot smoothing method was used for normalization analyses. For each spot, the local background was subtracted. Flagged spots and spots with a net expression level ,5 were omitted. Data from replicate spots were combined and outliers (.2 SD) omitted. Data were log(base 2)-transformed and differences in expression between mice supplemented with GADF and control mice were calculated. Genes were considered to be significantly modified when P , 0.05 (t test). Upregulated genes were those with ratios .1.5 and downregulated, those with ratios , 21.5. Gene expression analyses and functional classifications of differentially regulated genes were performed using the Gene symbols from the National Center for Biotechnology Information (16).
Pathway analysis. MetaCore software (GeneGo) was used to obtain a biological interpretation of the modulated genes. MetaCore identifies and visualizes the involvement of differentially expressed genes in specific cellular maps and pathways. MetaCore calculates the P-value of each map and pathway, taking into account the total number of genes involved in a particular pathway and in all the available pathways combined in each map folder. During the pathway analysis, a background list was used that was generated using the 26,393 genes obtained after omitting of outliers mentioned in the previous section. Two independent patway analyses were done. Genes with an absolute change of 1.4 were used. Additionally, analyses 1 and 2 used genes with P , 0.05 and 0.01, respectively. Maps and pathways with P # 0.05 were considered significantly modulated and a false discovery rate ,0.05 was calculated. MAPPFinder, the accessory program that works with GenMAPP and the annotations from the Gene Ontology Consortium was used to aid in the identification of global biological trends in gene expression data (17) .
BAN generation.
A BAN was constructed with the aid of Pathway Architect software version 3.0 (Stratagene-Agilent). Briefly, this software package generates interaction networks starting with the genes in a given list (entities) and taking into account the information present in a database of known molecular interactions. The lists correspond to the collection of genes expressed differentially under specific conditions, in this case, the list of differentially expressed genes associated with GADF consumption. The database of molecular interactions is composed of .1.6 million interactions divided into classes (binding, regulation, promoter binding, transport, metabolism, protein metabolism, and expression). The interactions are extracted from the literature using a natural language processing tool run on Medline Abstracts (NLP references) plus those obtained from externally curated databases such as BIND. Interactions in the interaction database are classified in 5 categories: maximum, high, medium, low, and minimal. Curated interactions (BIND and MINT sources) receive the maximum quality score as do interactions that have at least 3 NLP references. The Pathway Architect software gathers information to construct novel views using biological interaction between entities in a list. Furthermore, as a result of the expanded interaction, it includes predicted entities that are not present in the original list. Customized analyses were performed to select the relevant interaction networks with an associated high confidence index, which are likely to mirror biological significance. One-step expansion (expand network) of the original set of entities with maximum-score interactions were then analyzed by setting an advanced filter that included the categories of binding, expression, metabolism, promoter binding, protein modification, and regulation. This procedure yields a final view formed of a collection of nodes with different degrees of interrelationship. However, a number of gene products from the original lists were not significantly connected with the other members or neighbors and therefore were removed from the final view. Finally, the expression levels were superimposed on the members of the network. The mRNA levels corresponding to the selected genes were determined in an ABI Prism 7000 Sequence Detection System (Applied Biosystems) using 3 mL of the cDNA mixture and the specific Assays-ondemand RNA (all from Applied Biosystems). APRT RNA was used as an endogenous control. The reaction was performed following the manufacturer's recommendations. Fold-changes in gene expression were calculated using the standard DDCt method.
Serum sampling and NMR metabolic analysis. Blood was obtained by cardiopuncture from anesthetized mice and serum was obtained by centrifuging it at 600 3 g and 48C for 10 min. Macromolecules were removed from the serum samples using the ultrafiltration method described by Gü nther et al. (18) . Briefly, NanoSep 3K Omega centrifugal devices were prepared by washing them 10 times with 0.5 mL water + 0.75 g/L sodium azide at 1100 g and 308C for 1 h. Prior to use, the mouse samples were stored at 2808C. When needed, samples were thawed, filtered, and then spun at 9000 3 g and 48C for 45 min. Then 150 mL of the filtrate was diluted to obtain a 600-mL NMR sample in buffer (60 mmol/L sodium phosphate, 10 mmol/L sodium azide, 0.5 mmol/L TMSP, 10% D 2 O, pH 7.0). The samples were analyzed using a Varian 600 Direct Drive spectrometer operating at 599.36 MHz with a 5-mmol/L triple resonance probe at a temperature of 2258C. One-dimensional 1 H NMR spectra were obtained using 1024 transients, 16 steady-state scans, a spectral width of 6313 Hz, 16,384 complex data points, and a 4-s recycling time. Excitation sculpting was used for water suppression. The data were processed in NMRLab (19) . An exponential linebroadening function of 0.3 Hz was applied and the dataset was zerofilled to 32,768 data points prior to Fourier transformation. Both spectra were phase-corrected manually and referenced to TMSP (at 0 ppm). Regions containing a residual water signal and a TMSP signal were removed and the data were binned, normalized, log-transformed, and mean-centered prior to principal component analysis. Loadings were then exported to Chenomx NMR Suite with associated libraries (version 4.5; Chenomx), which was used to identify metabolites contributing to signals in the loadings plots.
Results and Discussion
Body weights. Body weights, measured daily throughout the intervention, did not differ between the control and GADF mice (data not shown).
Gene expression profile induced by GADF. The present study analyzed the expression profile of 26,393 genes using whole mouse genome cDNA microarrays. GADF supplementation changed the expression of 1004 genes (P , 0.05) with an absolute fold change of 1.5. Of these, 363 genes were upregulated and 641 downregulated (Supplemental Table 1 ; Supplemental Fig. 1 ). Pathway analysis of significantly modulated genes using MetaCore showed significant modulations of the maps that contained several canonical pathways. According to the GeneGO Maps Folder in Metacore, the maps corresponding to nuclear receptor signaling and lipid biosynthesis and regulation were downregulated, whereas the map corresponding to immune system responses was upregulated ( Table 1) . Furthermore, other maps that had significant changes in at least one of their pathways were found, including apoptosis, amino acid metabolism, energy metabolism, and the cell cycle and its regulation (Table 1) .
In addition, to explore the biological processes related to the possible protective effects of proanthocyanidin-rich fiber, we used MAPPFinder (17) on the 1004 genes modulated by GADF to identify those that may participate in biotransformation, antioxidant activity, metabolism of xenobiotics, and other processes related to colon cancer and putatively modified by antioxidants and fiber diets (5, 6, 20) . On the basis of the Metacore and MAPPFinder analysis, we selected 34 genes ( Table 2) .
GenMAPP revealed upregulation of genes involved in antioxidant activity and xenobiotic metabolism, specifically CYP2D22 and CYP4F16, both of which encode cytochrome P450 (Table  2) . These genes are involved in phase I biotransformation in xenobiotic metabolism, converting hydrophobic compounds into more water-soluble moieties. In addition, GADF upregulated genes that encode enzymes from phase II (which catalyze several conjugation reactions), such as B3GAT3, B3GNT7, ALDH2, GCNT1, and ALDH1A2. These modulations are
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Apoptotic pathways involving genes such as BFAR and CARD14 were significantly upregulated after GADF supplementation ( Table 1 ). The upregulation of this pathway demonstrates similar mechanisms to those induced by phytochemicals and vegetable mixtures in mice (23) .
PRDX6 and PRDX6-RS1, which encode proteins in the family of peroxiredoxins that neutralize reactive oxygen species, were also upregulated by GADF supplementation. The increase in peroxiredoxin expression might be explained by a mild prooxidant hormetic effect of GADF. Hormesis consists of a low-dose stimulation of defense systems with a subsequent beneficial effect (24) . It has been noted that polyphenols may be both antioxidants and prooxidants, depending on their oxidation/reduction properties and concentration (25) . In contrast, the downregulation of some genes, such as CAT and GSTK1, which are involved in an antioxidant response, was observed. These genes code for enzymes that convert hydrogen peroxide to water and their downregulation could be explained by the upregulation of peroxiredoxins, because the latter are also scavengers of hydrogen peroxide and alkyl hydroperoxides.
Several genes associated with tumor development, such as TNFAIP8L1 and TNF, and several proto-oncogenes from the RAS family, such as RASSF4, RAP2C, and RAP2B, were downregulated by GADF supplementation. Overexpression of normal RAS proteins could constitute an alternative mechanism for RAS activation, which can alter the cell phenotype in neoplasia from noninvasive to invasive behavior (26) . The effects induced by GADF are consistent with the inhibition of certain RAS proteins by polyphenols such as quercetin (27) .
Furthermore, an important tumor suppressor gene, NBL1, was upregulated by GADF. This transcription factor participates in the negative regulation of the cell cycle (28) and it has recently been suggested that its downregulation in some human cancer is crucial to the development and progression of cancer. TGFb3 was upregulated after GADF supplementation. This effect may contribute to the inhibition of cell proliferation (29) . GADF supplementation also modulated some genes related to energy metabolism. ELOVL5, encoding an elongase enzyme, was downregulated. This enzyme is crucial in the whole body lipid composition, because it is required mainly for elongation of very long-chain PUFA (30) . Furthermore, downregulation of MOD1, which encodes for the malic enzyme, was observed. This enzyme is involved in NADP + biosynthesis and therefore its downregulation could be a consequence of the low lipid biosynthesis in colon mucosa. Moreover, PPARa was also downregulated and because this gene controls the peroxisomal b-oxidation pathway of fatty acids (31) , its downregulation suggests that GADF treatment alters fatty acid metabolism in mice. This notion is in agreement with the GADF-induced downregulation of lipid biosynthesis, as shown using Metacore ( Table 1 ). Given that the upregulation of PPARa has been associated with the progression of cancer in animal studies (32) , its downregulation induced by GADF supplementation, observed in the present study, could be associated with a putative chemopreventive effect of GADF.
Several genes involved in glucose metabolism and the TCA cycle, including G6PC2, PDK4, SUCLG2, and SUCNR1, were also altered by GADF. The upregulation of the gene encoding glucose-6-phosphatase (G6PC2) may be related to the maintenance of glucose levels and in agreement with the gelling effect attributed to the fiber diet, because this enzyme plays a key role in the homeostatic regulation of blood glucose levels. In agreement with the maintenance of glucose, Metacore analysis showed that some genes that participate in the stimulation of glycolysis, such as LDHAL6B, were upregulated. Moreover, the downregulation observed for PDK4, SUCLG2, and SUCNR1 suggested alterations in the glycolytic pathway and the TCA cycle. These genes encode for pyruvate dehydrogenase kinase (PDK4), succinate-CoA ligase (SUCLG2), and succinate receptor 1 (SUCNR1). PDH4 inhibits PDH by phosphorylation of one of its subunits and thereby contributes to the regulation of glucose metabolism. Thus, PDK4 downregulation could produce an increase in PDH activity, which would lead to an increase in acetyl-CoA concentration, because some of the TCA cycle enzymes were downregulated. This increase in acetyl-CoA may result in the biosynthesis of ketone bodies (33) . Regarding the TCA cycle, downregulation of succinate-CoA ligase avoids the accumulation of succinate, a metabolite related to the stabilization and activation of hypoxia inducible factor 1, a-subunit (HIF-1a) (34) , which activates the transcription of genes involved in crucial aspects of cancer biology (35) . Moreover, the downregulation of SUCNR1 indicates an alteration in TCA cycle activity, because this gene functions as a receptor for the TCA cycle intermediate succinate (36) . The changes in mRNA expression observed in the microarrays for G6PC2, ENO3, PPARa, TNF, TGFb3, MOD1, and PDK4 were further validated by real-time RT-PCR ( Table 3 ) and all the changes were confirmed. Given their participation in the modulated pathways observed after GADF supplementation, these genes were chosen for real-time RT-PCR analysis.
Furthermore, the BAN was generated from the list of 1004 differentially expressed genes by a 1.5-fold change. An association network revealed the central role of TNF and its connection with TGFb3 and PPARa (Supplemental Fig. 2 ). According to this network, the upregulation of TGFb3 and downregulation of TNF and PPARa triggered by GADF supplementation set up the molecular basis for counteracting the increases in cell proliferation that could lead to colon cancer (37) .
Metabolic profile of blood serum induced by GADF. 1 H NMR spectroscopy detected a wide range of amino acids, organic acids, ketone bodies, and sugars in mouse serum (Fig. 1) . Although the number of replicates was small, principal component analysis revelead a clear difference between controls and GADF-fed mice (ANOVA; P = 0.072), with little variation between the replicates. This result reflects the observation in NMR spectra (Fig. 1) where replicates are almost indistinguishable but significant differences are observed between GADF-treated mice and controls. A comparison of the NMR spectra of sera from control and GADF-fed mice showed that the former had much more glucose and a little more lactate. Furthermore, a small increase in glutamine was found in the treated mice (Fig. 1) . Tryptophan levels were also higher in controls. This finding is consistent with the literature, because it has been reported that dietary fiber modifies the tryptophan and other amino acid concentrations of serum (38) . Moreover, serum samples from mice supplemented with GADF had higher concentrations of ketone bodies, especially hydroxybutyrate and acetoacetate, as well as essential amino acids such as leucine, isoleucine, and valine. The other amino and organic acids analyzed (e.g. phenylalanine and citrate) did not differ between the groups.
The genetic modulations induced by GADF in the metabolic pathways of colon mucosa could explain the altered metabolic profile. The increase in ketone bodies in sera from mice treated with GADF can be explained by the downregulation of PDK4. As commented above, PDK4 codifies for an enzyme that inhibits PDH and its downregulation is expected to raise PDH activity, thereby leading to an increase in the acetyl-CoA concentration. This increase in acetyl-CoA can result in the increased ketone body concentrations (33) . Moreover, the decrease in the expression of the gene encoding for SUCLG2 affects amino acid metabolism, because this enzyme catalyzes the conversion of succinyl-CoA to succinate and results in GTP formation and thus is crucial for the regulation of anaplerotic and cataplerotic reactions that affect TCA cycle activity (39) . The decrease in this activity leads to an increase in succinyl-CoA and an alteration of the GTP:GDP ratio, which could produce an increase in the levels of valine and isoleucine in serum from GADF-treated mice, because these amino acids enter the TCA cycle through succinyl-CoA. Furthermore, it has been reported that GTP inhibits glutamate dehydrogenase, which influences the metabolism of amino acids that enter the TCA cycle through glutamate (40) . These results are in agreement with the Metacore analysis, which identified GADF as altering the metabolism of amino acids and their regulation.
The decrease in the serum glucose concentration in GADFtreated mice could be a consequence of the capacity of fiber to limit carbohydrate digestion (41) . In fact, in vivo experiments have shown that dietary fiber reduces the concentration of glucose and cholesterol in blood (42) and catechins (monomeric components of proanthocyanidins) have the capacity to reduce blood glucose levels (43) . This decrease may also contribute to the increase in serum ketone body concentrations. Moreover, G6PC2 increased in GADF-treated mice and the protein encoded by this gene is involved in glucoregulation (44) . This may also contribute to the decrease in serum glucose. Accordingly, the decrease in the lactate concentration may be a consequence of the lower glucose concentration available for glycolysis. This metabolic pattern, together with the lower expression of ELOVL5, MOD1, and PPARa, also suggests that GADF prevents obesity and decreases the risk of colorectal cancer.
We observed the modulation of genes involved in xenobiotic metabolism, genes that code for both phase I and phase II enzymes. The interaction of phase I intermediates with some phase II enzymes frequently results in detoxification processes. Some isoenzymes react with several possible colon carcinogens, because they can have marked substrate specificity. If enzymes from phase II are induced, then the phase I intermediates will be conjugated and therefore the resulting compounds could be less genotoxic (45) . These results are also in agreement with our previous report of extensive cleavage and metabolization (both phase I and II) of proanthocyanidins in rats treated with GADF (8) .
In summary, GADF induced substantial genetic and metabolic changes in female C57BL/6J mice. The genes that were differentially expressed may play important roles in cellular maps and pathways, such as nuclear receptor signaling, immune system responses, and lipid biosynthesis, which is regulated by PPARa. Moreover, the expression of genes related to energy metabolism was altered by GADF supplementation and is in agreement with the metabolic changes observed by NMR. Furthermore, changes in the genomic and metabolic profiles suggest a mechanism by which cell proliferation related to colon cancer is suppressed.
Although the exact mechanisms of action of dietary fibers and their associated polyphenolic compounds have yet to be fully elucidated, the modulation of several genes related to cancer prevention gives some insight into the actions of GADF. Our data provide evidence that GADF protects healthy colon tissue against tumor development and reduces the risk of cancer.
